Development of Microchamber Array Chip-Based Assay System for β-Glucosidase Activity  by Tahara, Kentaro et al.
186a Sunday, February 26, 2012functions, and in some cases how a protein can switch between functions. The
ability of proteins to ‘‘moonlight’’ might be one reason why the human genome
contains fewer protein encoding genes than had been predicted. We are prepar-
ing a curated, searchable database that contains information about the sequences,
structures, and functions for known moonlighting proteins.
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Pattern Discovery in Genomic Coding Sequences Based on Protein Motifs
Mohammad-Hadi Foroughmand-Araabi, Bahram Goliaei.
University of Tehran, Tehran, Iran, Islamic Republic of.
Pattern recognition and identification on non-coding segments of the genome
has been facilitated by presence of vast and diversified regular patterns in these
regions. On the other hand, coding segments of the genome has been mostly
resistant to pattern discovery efforts due to the lack of easily recognizable pat-
terns in these regions. We have developed a novel algorithm for discovery and
identification of patterns in the coding segments of the genome based on regular
expressions in corresponding proteins. The algorithm reads pre-identified pat-
terns in proteins, such as those in Prosite, and generates a Consecutive Positions
Specific Scoring Matrix (CPSSM). CPSSMs are then aligned to genomics se-
quences to find hits. CPSSMs may be considered as alternatives to usual protein
patterns, but on genomes. We have designed a novel CPSSM-genome align-
ment algorithm that supports affine gaps, introns, and mismatches based on dy-
namic programming. Methods have been tested against the real data. Results
show 63% more true positives and no false negatives on Saccharomyces cere-
visiae’s genome, and 99.97% less false negatives and three times more true
positives on Human’s genome in comparison to previous works.
931-Pos Board B717
Enhancing Breast Ultrasound Images: A Phantom Study
Farzan Khatib, Rozi Mahmud, M. Iqbal Saripan, Syamsiah Mashohor,
Raja Syamsul Azmir Raja Abdullah.
Universiti Putra Malaysia, Kuala Lumpur, Malaysia.
In this work we were to enhance ultrasound (US) images of a portable ultrasound
machine and improve the efficiency of interpretation.Ultrasound has amajor role
inbreast imaging, sometimes as a secondprocedure after popular breast screening
method. It has some advantages over other modalities. But it has two major user
dependencies: scanning and interpreting. Beside these, there are limitations for
these types of ultrasound machines based on their integrity and dimension limits.
Wewere to increase radiologist’s efficiency on interpreting the results of portable
ultrasound machine using Computer-Aided Detection (CAD) algorithm.
For 6 most popular ultrasound machines, we swept: modes of operation, trans-
ducer, frequency and contrast, while making phantom images. As we were con-
cerning in breast disease we focused our work on B-Mode. Then we captured
3300 Ultrasound images using a quality multi tissue Breast Phantom. We were
focusing on two lesion types: Cyst and Solid. In each image set, we started with
the lowest frequency and contrast. We selected a region of interest (ROI) in
background. Comparing each image with the lowest one, we find a table of dif-
ference for each machine setting. Each row in produced table showed required
data to improve image corresponding to its collected information. We used
MATLAB image processing tool box and applied factors such as SNR,
PSNR and MSE parameter to check the output image. For an unidentified ultra-
sound image, after selecting of ROI, comparing its data with table would give
us the best data set. Then we applied data to original image and used MSE to
maximize their similarities. Gamma correction, contrast stretching and edge
enhancement would be next stage. Two experienced radiologists marked final
images. Analyzing the results showed that our proposed framework enhanced
visualization, decrease interpreting time while increase SNR.
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In Vitro Detection of Beta-Amyloid Peptides using a Photo-Sensitive Field
Effect Transistor Integrated with a Single Layer On-Chip Optical Filter
Chang-Beom Kim, Cheol-Joo Chae, Ki-Bong Song.
ETRI, Daejeon, Korea, Republic of.
The importance of early Alzheimer’s disease (AD) detection has been recognized
to diagnose people at high risk of AD. The existence of intra/extracellular beta-
amyloid (Ab) of brain neurons has been regarded as the most archetypal hallmark
ofAD. The existing computed-image-basedmethods have limitations on accurate
quantification of nanoscale Ab peptides due to optical diffraction during the
imaging process. Therefore, we propose a newmethod that is capable of evaluat-
ing a small amount of Ab peptides by using photo-sensitive field-effect transistor
(p-FET) integrated with a single layer on-chip optical filter. Arsenic trisulfide
(As2S3) layer has adequate optical functions that reflect the unwanted ranges
(< 450 nm) of excitation bam and only transmit the emitted light (> 480 nm)
from fluorochromes widely used for labeling Ab peptides.We measured destructively decayed photo-currents from As2S3-coated p-FET
compared with those from bare p-FET. We also measured the elevated photo-
currents generated by the transmitted fluorescent emission when a small
amount of fluorescein isothiocyanate (FITC) were placed on As2S3-coated p-
FET, indicating that the As2S3 filtered p-FET would differentiate the optically
tenuous fluorescent beam. Furthermore, we measured the photo-currents gener-
ated by FITC conjugated with Ab peptides expressed on a cell line to investi-
gate the applicability of our p-FET sensor to the actual detection of Ab peptides
existing in a biological material.
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Oligonucleotide-templated silver nanoclusters (DNA/Ag NCs) are an emerging
set of fluorophores that have seen applications in cellular imaging and chemi-
cal/biological detection. We discovered the red fluorescence emission of DNA/
Ag NCs could be enhanced more than 500 fold when these silver nanoclusters
were brought close to a guanine-rich DNA sequence (called an enhancer). Based
on this finding, we developed a new type of molecular probe termed NanoCluster
Beacon (NCB) that fluoresces upon target DNAbinding (1). Expanding upon this
work, recently we found non-emissive DNA/Ag NCs can light up into three dis-
tinct colors (green, yellow, and red) through interactionswith three differentDNA
enhancers respectively (2), enabling the use of NCBs in multiplexed assays.
In order to investigate the enhancer-mediated, color switching behavior ofDNA/
Ag NCs, a toehold DNA displacement technique was used to replace old en-
hancers with new enhancers in the proximity of nanoclusters at room tempera-
ture. Our results showed that the light-up color can change from green to red
if the green enhancer is replaced with the red enhancer, but not vice versa. Sim-
ilar behavior was also seen from yellow to red color switching. This information
may be useful in future silver nanocluster probe design.
Reference:
[1] H.-C. Yeh, J. Sharma, J.J. Han, J.S. Martinez and J.H. Werner, ‘‘A DNA-
silver nanocluster probe that fluoresces upon hybridization,’’ Nano Letters
10(8): 3106-3110, 2010.
[2] H.-C. Yeh, J. Sharma, J.J. Han, J.S. Martinez and J.H. Werner, ‘‘A beacon
of light: a new molecular probe for homogeneous detection of nucleic acid tar-
gets,’’ IEEE Nanotechnology Magazine 5(2): 28-33, 2011.
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To construct devices mimicking intracellular transport, it is necessary to align
proteinmotors’ tracks in a pre-determined and controlledmanner.Here,wedem-
onstrate a technique to immobilize actin filaments on a substratewith pre-defined
direction and polarity. F-actin filaments, capped with biotinylated gelsolin at
their plus ends, were immobilized on a surface functionalized with streptavidin
via the biotin-streptavidin link.Then, a flowof polylysine solutionwas applied to
lay the filaments down, causing them to attach to the surface along their lengths,
with their plus ends pointing upstream. The filaments remained attached when
the flow was stopped. The polarities of the filaments were examined by tracking
themovement of quantum- dot labeledmyosinV, and the results were compared
to a standard assay comprised of flow-aligned, biotinylated-actin bound to
a streptavidinin-functionalized surface in the absence of polylysine. In the polar-
ized assay, approximately 94% of the motors moved in the upstream direction
compared with nearly random directionality in the standard assay, indicating
that the gelsolin-polylysine procedure oriented most of the filaments at the de-
sired polarity. The velocity of fluorescentmyosinVmotors in the polarized assay
was slightly smaller than in the standard assay, possibly due to the electrostatic
attraction between the (negatively charged) motors and the (positively charged)
polylysine-coated surface. The technique presented here is applicable for study-
ing motor transport in complex cytoskeletal networks in vitro and engineering
synthetic devices which utilize molecular motors as shuttles. Supported by
NSF grant DMR-0425780 and NIH grant GM086352.
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Development of Microchamber Array Chip-Based Assay System for
b-Glucosidase Activity
Kentaro Tahara, Ryo Iizuka, Takao Ono, Kiyohiko Igarashi,
Masahiro Samejima, Takanori Ichiki, Takashi Funatsu.
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Ethanol produced from cellulosic biomass is generally called 2nd generation bi-
oethanol and is appreciated as an alternative to fossil fuels. In order to make bio-
ethanol, cellulose chains are required to be hydrolyzed into glucose molecules
Sunday, February 26, 2012 187aby the cellulases. One of the important enzymes in the process is b-glucosidase
(BGL), which catalyzes the hydrolysis of cellobiose to glucose. In the present
study, we aim to obtain BGL mutants with improved hydrolytic activity by mo-
lecular evolution. To screen many potential mutants easily and precisely, we
have developed the enzymatic assay for b-glucosidase using amicrochamber ar-
ray chip.
BGL1B from the basidiomycete Phanerochaete chrysosporium was used as the
target enzyme. The enzyme was overexpressed in E. coli, and purified to homo-
geneity. The purified enzyme was confined with fluorogenic substrate (Tokyo-
Green b-Glu) in microchambers with a volume of 50 fL. The microchamber
array chips were fabricated by micromolding processes with polydimethylsi-
loxane (PDMS) polymer. The enzyme can produce a large number of fluores-
cent molecules (TokyoGreen) by hydrolyzing TokyoGreen b-Glu, leading to
amplification of the fluorescent signal in a microchamber. When BGL1B solu-
tion was diluted to a few molecules in each chamber, fluorescence signals from
chambers heterogeneously increased with time. The distribution of fluorescent
increment rates showed quantized and evenly spaced peaks. The peaks were
considered to be attributed to 0, 1, 2 and 3 BGL1B molecules per chamber.
The result indicated that the microchamber array chip-based assay system is
valuable for evaluating the BGL activity quantitatively. Now, we are trying
to apply this assay system to screening of BGL1B mutants.936-Pos Board B722
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2Peking University, Beijing, China.
Engineering biological complexity into in-vitro assays of purified components
requires an understanding of self-assembly on the nano-scale. Using a control-
lable nanoengineered surface that alters the dynamics of filamentous actin ad-
hesion, we studied the tunability of biomolecular surface attachment. By
grafting nanoparticles ranging from 12 to 85 nm diameter to a poly(styrene-
random-acrylic acid) copolymer film at different densities and attachment
times, the size and spacing of substrate textural features were varied. The nature
of f-actin attachment was characterized by TIRF microscopy. On selectively
generated monodisperse and polydisperse features of varying size and areal
density, f-actin binding was characterized as immobilized, side-on wobbly,
or end-on attached. The varied types of interactions between actin and the sub-
strate are explained by an energetic penalty associated with actin bending
around surface topographic features, given by the worm-like chain model, in
conjunction with attractive forces and experimentally determined surface pa-
rameters. Comparing the repulsive term due to bending with the electrostatic
attraction of actin to the surface provides insight into how the three types of ac-
tin binding result on textured surfaces which are chemically very similar. Step-
ping velocities of single fluorescent labeled myosin V molecules were
compared on actin filaments bound to the surface with features of varied rough-
ness. Immobilization of actin filaments on the nano-featured surfaces moder-
ately reduces velocity, while motility on all surfaces indicates that polymer-
nanoparticle composite surfaces are flexible candidates for the fabrication of
biomolecular devices.
Supported by NSF/NSEC grant DMR08-3202.
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Inititiation, Flow Rate, and Routing of Capillary-Driven Flow of Liquid
Moving through Microchannels on a Slipchip
Rebecca R. Pompano1, Carol E. Platt1, Mikhail A. Karymov2,
Rustem F. Ismagilov2.
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Technology, Pasadena, CA, USA.
This study is devoted to controlling the initiation and flow rate of spontaneous
liquid-liquid flow passing through microfluidic channels in response to capil-
lary action on a non-wetting droplet. Aqueous droplets were generated on a hy-
drophobic SlipChip in a shallow channel, and then a stepwise change in
capillary force was induced by connecting the shallow channel to a deeper
channel filled with immiscible oil. A model to predict the rate of spontaneous
flow was developed based on the balance of net capillary pressure with viscous
flow resistance; the inputs to the model were the liquid-liquid surface tension,
advancing and receding contact angles at the three-phase aqueous-oil-surface
interface, and the geometry of the device. The effects of contact angle hyster-
esis, presence or absence of a lubricating oil layer, and adsorption of surfactants
at liquid-liquid or liquid-solid interfaces were quantified. Two different re-
gimes of flow were studied. Faster (mm/s) flow rates were obtained when oilbeing displaced by the aqueous could escape through connected channels,
and slower (mm/s) flow rates were obtained when displaced oil could escaped
only through a mm-scale gap between the plates of the SlipChip (‘‘dead-end
flow’’). Both diluted salt solutions and complex biological media such as hu-
man blood plasma were found to flow using this approach, and we anticipate
it being useful in the future for control of flow in microfluidic designs that
do not require external power, valves, or pumps. Approaches based on initiation
of spontaneous flow would be useful for design and operation of the SlipChip
platform as well as for other droplet-based and plug-based microfluidic devices.
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Metallothionein-green fluorescence fusion protein (MT-GFP) is a zinc binding
protein, which binds to seven divalent transition metal ions through its 20 con-
served cysteines and forms two metal binding clusters with Zinc-Blende struc-
ture. In this study, we substituted Mn2þ for Zn2þ at M3, M4 metal binding sites
in the b-domain of MT-GFP. We found this Mn, Zn binding protein exhibited
ferromagnetic properties from 10K to 300K by SQUID measurement. By
micro-Raman spectroscopy analysis, the Zn-S and Mn-S bending modes can
observed clearly at 288 cm1 and 355 cm1, respectively. These indicate
that the Zn2þ and Mn2þ are bound with Cys residues of MT-GFP. Extended
X-ray absorption fine structure (EXAFS) analysis also indicated Mn2þ binding
to MT-GFP via the Mn-S bond of Cys.
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Edgar Meyhofer, Georgios Skiniotis, James R. Baker, Jr., Ronald G. Larson,
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Paclitaxel (Taxol) is a cancer drug that causes cell death by stabilizing microtu-
bules and consequently arresting cell division. Previously, the cytotoxicity of
taxol-conjugated PAMAM dendrimers was demonstrated in cancer cells. The
exact mode(s) of action responsible for the potent cytotoxicity of these den-
drimers were not examined but the literature provides uncertainty that the taxol
could be released from the dendrimer carrier after cellular entry. Accordingly,
we asked whether the taxol-dendrimer conjugate itself is able to bind microtu-
bules. To address this question, we investigated the effect of these conjugates
on microtubules in vitro using total internal reflection fluorescence microscopy
(TIRFM) and transmission electron microscopy (TEM). We find that the taxol-
dendrimer conjugate affectsmicrotubule structure in twoways: (1) the conjugate
can bind tubulin during tubulin polymerization and stabilize it into a tubular
structure and (2) the conjugate can bundle microtubules in a manner that is not
dependent on taxol, but dendrimer electrostatics. Both of these modes of action
would arrest cell division and consequently kill the cell. This is the first time that
the binding of taxol-conjugated dendrimers to microtubules has been demon-
strated in vitro. Furthermore, our results provide both mechanistic insights
into the cytotoxicity of the previously characterized taxol-conjugated PAMAM
dendrimers and additional evidence for the potential of these and similar conju-
gates as cancer therapeutics.
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A Microfluidic-Based Tyrosine Kinase and Phosphatase Assay
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Protein interactions describe a significant part of a biochemical pathway. How-
ever, a real biochemical pathway has other dimensions as well. For example,
enzymatic reactions or post-translational modifications (PTMs). The most com-
mon PTM known is phosphorylation. This PTM facilitates many cellular func-
tions such as signal transduction, cell communication, cell cycle,
differentiation, protein synthesis and more. Overall, PTMs are an integral
part of all biochemical pathways. Therefore, in order to recapitulate a biochem-
ical pathway in vitro, the role of PTMs must be addressed. We have decided to
